Poles and Stability 



Recall that the LTI system 

p(D)x = / 
has an associated homogeneous equation 

p{D)x = 



(1) 



(2) 



In imit 2 we saw the following stability criteria. 

1. The system is stable if every solution to (2) goes to as i — >■ oo. 
In words, the imforced system always returns to equilibrium. 

2. Equivalently the system is stable if all the roots of the characteristic 
equation have negative real part. 
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Now, since the transfer function for the system in (1) is -^-^ the poles 

p{s) 

of the system are just the characteristic roots. Comparing this with the sta- 
bility criterion 2, gives us another way of expressing the stability criteria. 

3. The system is stable if all its poles have negative real part. 

4. Equivalently the system is stable if all its poles lie strictly in the left half 
of the complex plane Re(s) < 0. 

Criterion 4 tells us how to see at a glance if the system is stable, as 
illustrated in the following example. 

Example. Each of the following six graphs is the pole diagram of an LTI 
system. Say which of the systems are stable. 
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Solution, (a), (c) and (e) have all their poles in the left half-plane, so they 
are stable. The others do not, so they are not stable. 



2 



MIT OpenCourseWare 
http://ocw.mit.edu 



18.03SC Differential Equations 
Fall 2011 



For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms . 



